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Abstract: 
Background: The relation of cause and effect between orthodontic treatment and joint 
dysfunction, especially disc displacement, is not proved yet. The orthodontic treatment that 
imposes stress on the temporomandibular joint is the mandibular advance to correct the classes II 
by mandibular retrognathia. The study aimed to explore the effect of mandibular advancement 
using rigid activator associated with extra-oral forces on the sagittal position of 
temporomandibular joint (TMJ) disc. 
Methods: 63 children, 10.6 +/- 1 years old with class II and mandibular retrognathia were selected 
from primary schools. An imaging magnetic resonance exploration (MRI) was performed on 126 
TMJ before treatment (t1) and one year after treatment (t2). The data were analyzed by the 
Statistical Package for the Social Sciences (SPSS).The error risk α was 5%. The Friedman’s Chi2 
Test for paired data was used. The difference p was considered significant if p<0.05. 
Results: At t2, the discs generally occupied a more anterior position remaining within the bounds 
of normality and 5 of them have presented a displacement.  
Conclusion: Overall, after one year of mandibular advancement, the discs have maintained a 
normal position. 
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1. INTRODUCTION 
Activators of growth are used to treat Class II division 1 malocclusion in children 
with mandibular retrognathia. They represent the first phase of treatment, usually 
followed by a second phase with fixed therapeutic. Although different in their 
design as explained in the Lautrou[1] classification, activators are based on the 
same principle: the mandibular advancement. 
Many articles [2, 3, and 4] on their effectiveness and efficiency are regularly 
published. Their effects on dental and maxillofacial structures have been and 
continue to be the object of studies [6-10] .We found among these effects an 
adaptation of the temporomandibular joint (TMJ) components. However, the 
exploration of all the TMJ components, especially the disc, was only possible with 
magnetic resonance imaging or MRI. In 1994 Buthiau [11] devoted a book 
exploring the temporomandibular joint (TMJ) by magnetic resonance imaging 
(MRI).  The principles, indications and contraindications of MRI of TMJ are 
found in various publications [12-15]. 
The relation of cause and effect between orthodontic treatment and joint 
dysfunction, especially disc displacement, is not proven as demonstrated by 
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McNamara [16] in a review of the literature and Kim [17] in a meta-analysis, but 
it wasn’t definitively refuted. 
Our study is part of this reflection and was interested in relationships established 
between TMJ disc and mandibular condyle in children treated by rigid activator 
associated with extra-oral force using MRI exploration. The study received the 
agreement of the medical experts committee of medicine, Algiers faculty. 
2. MATERIALS AND METHODS 
Subjects  
The sample consisted of 63 children (girls and boys) from 23 primary schools. 
The age’s mean was 10.6 years +/- 1.  The subjects included had: skeletal 
mandibular retrognathia, ANB higher or equal to 5°, a higher or equal to 5mm 
over jet , Class II molar, facial growth should be medium or horizontal type. On 
clinical examination, patients had to be free of signs of joint dysfunction. 
Before treatment, the TMJ MRI exploration should objectify right and left joint 
without disc displacement. Patients who have undergone orthodontic treatment or 
suffering from general illness were not included. 
Methods 
Two orthodontic assessments were carried out: at t1 before treatment by activator 
and at t2, a year after treatment. The TMJ clinical examination was performed at 
t1 and t2. Profile radiographs were taken at t1 and t2. Ricketts’s analysis 
complemented by some values of Steiner’s analysis was used. 
Appliance      
The same type of activators, a rigid activator associated with headgear [18, 19] 
was used in this study for all patients; the aim was to promote the mandibular 
growth. Maxillary and mandibular tray, maded in resin, was solidarized after 
articulated models in mandibular advancement. Extra-oral forces were added. 
In this appliance, no wire accessories have been included. The retention was 
ensured by the faithful reproduction of the indentations and the sufficient recovery 
of the teeth by the resin. 
MRI exploration                                                                                                                                  
It was made with 1.5 Tesla imager at the National Center of Imaging. The same 
imager was used at time t1 and t2. The exploration was bilateral, using a double 
surface coil. The same radiologist conducted reading MRI images. Concerning the 
reproducibility and accuracy of measurements of the angles for the same patient, 
the kappa test was used. The kappa value was k= 0, 81 for the intraobserver. The 
concordance was good. Each study included: 
- A sequence identification in the transverse plane 
- A T1-weighted sequences gradient echo with contiguous cuts 1.5mm thick in the 
sagittal and coronal plane in the closed mouth (CM).The same sequences were 
repeated in open mouth (OM), (Figure 1a,1b). 
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Fig.1: MRI image of TMJ of a 10 year old child. (1a CM and 1b OM).
Coronal sections oriented along the long axis of the condyle in OM and CM 
also conducted in gradient echo
position and eliminat
1 a2 b 
Fig.2: MRI coronal images of TMJ. 2a CM, 2b OM.
Evaluation criteria of the position of the TMJ 
The sagittal position of the disc was evaluated in the CM by the angle formed by 
the vertical line passing by the estimated center of the condyle, the Y
o'clock of Shannon 
posterior band, and the center of the condyle. These two lines, constructed an 
angle which evaluated t disc position (Figure 3) were described by Drace 
this study, the angle was appointed sagittal angle.
the axis 12 o'clock was pos
negatively noted. 
between the condyle temporal and mandibular condyle.
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, T1-weighted to assess the transversal disc 
ing false negatives (Figure 2a, 2b).  
disc 
[20] and the junction zone between the zone bilaminar and 
 In the CM an angle in front of 
itively noted, a posterior angle to this axis was 
In OM the disc was considered in normal position if it came 
 
Disque de l’articulation temporo-mandibulaireTemporomandibular joint disc 
149. Doi : 
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Fig.3: Drawing of sagittal angle according to Drace [21] 
The transversal position was considered normal when the disc was situated inside 
the two lines tangent to the condyle.  
Statistical study.   
The statistical unit was the temporomandibular joint. The study was conducted by 
the software Statistical Package for the Social Sciences (SPSS) .The α granted 
error risk was 5%. The Chi2 test of Friedman for paired data was used. The 
difference p was considered significant if p <.05. 
3. RESULTS 
Distribution of patients 
The sample comprised 63 children, 35 girls and 28 boys that is to say 126 TMJ 
joint discs.  The gender distribution gave 55, 6% girls and 44.4% boys. 
Sagittal angle before treatment mouth closed 
At t1, the sagittal angle defining the position of the disc presented values ranging 
from a minimum of - 11.3 ° to a maximum of + 14 °. The mean value was 2.7 ° 
+/- 7. To be able to represent the results in tables and graphs (Table 1), values of 
the sagittal angle were grouped into two classes: ]-14, 0] and ]0, 14] using 
brackets according to mathematical standards. 
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(Tab.I) Distribution of sagittal angle values, frequencies and proportions at the 
time t1 in CM 
 
 
 
 
Mean of sagittal angle at t1:   2.7 ° +/- 7. 
Sagittal angle after treatment, mouth closed 
At t2 , new values outside of ] -14, 14]  have been identified, with a minimum of - 
30 ° and a maximum of 42.2 ° .The sagittal angle mean value was 10.4 ° +/- 15,2. 
The comparison of means revealed a significant difference, p=10-6. At this stage, 
several sagittal angles have therefore seen their value changed and new classes of 
angles were established. They were also ordered into classes. The new classes [-
30, -14],] 14, 30] and] 30, 43 [were added to the two existing at t1:] – 14, 0] and   
] 0, 14] (Table II). 
It appears that after a year of treatment with activator, 52 discs remained in the 
classes ] -14, 0] and ] 0, 14], representing the initial positions of the disc and 74 
left these two starting classes. Of these 74 discs 11 were found in class [-30, -14], 
58 in the class] 14, 30] and 5 discs in the class] 30, 43 [. 
(Tab.II): Distribution of sagittal angle values, frequencies and percentages at the 
time t2 in CM 
 
Sagittal Angle effectifs Percentages 
[-30 ,-14] 11 8,7% 
]-14 , 0] 17 13,5% 
] 0 , 14] 35 27,8% 
] 14 , 30] 58 46% 
] 30 , 43[ 5 4% 
Mean of sagittal angle at t2:  10.4 ° +/- 15. Comparison of means:    ****p <0, 05
  
Position of the disc in OM                              
All Discs have capped the mandibular condyle. 
Correlative analysis   
Only variables that revealed an “r”, indicating a correlation were reported. The 
analysis revealed a moderate correlation of the angular value at time t2 with 
gender (r = 0.241), over jet (r = 0.293) and overbite (r = 0.251). 
Sagittal Angle  Numbers of patients Percentages  
]-14 , 0] 45 35% 
] 0 , 14] 81 65 % 
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4. DISCUSSION 
After the MRI protocol was explained to the children, no child has refused it. We 
haven’t found 30% refusal as described by Franco [22].The sample consisted of 
girls and boys, the ratio was 0.8. This ratio may suggest a greater frequency of 
Class II division1 in girls. 
In our study, joint function was satisfactory after a year of mandibular 
advancement. For the function we agree with the findings of Pancherz [23] and 
Foucart [24]. Bourzgui and al [25] haven’t found severe signs of joint dysfunction 
on the clinical examination of patients treated orthodontically. Some authors [26, 
27,28] spoke of moderate dysfunction. Clinical examination of the TMJ could not 
alone identify disc displacement and it can be observed in asymptomatic patients 
[29]. 
MRI allowed a more objective approach to the status of TMJ and variations of 
disc position. Regarding the position of the disc, the criterion of Drace [21], the 
most used, was often superimposed on the visual criterion by Shannon [20]. The 
sagittal angle as defined in our study was visually estimated in some studies, 
while in others it was measured. The normality was always reported to the visual 
criterion where the border between posterior band and bilaminar zone was in a 
position 11 to 12 o’clock. That is to say the value of sagittal angle is normal if it is 
of -30° to 0°. Regarding to the errors of drawing the 12 o’clock lines and the 
individual variations, many authors showed other values [30, 31, 32, 33]. In this 
study we have adopted the value used by Aidar [34], the normal sagittal angle was 
estimated normal if the famous board line between posterior band and bilaminar 
zone was between 11 and 1 o’clock. This may better describe individual 
variations and varying situations of the condyle line axis.  In our study, we chose 
the normal value used by Aider (for the same reasons). In CM the position of the 
disc was normal if the border between bilaminar zone and posterior band of the 
disc was between 11 o'clock and 1 o'clock that is to say between -30 ° to + 30 °. 
The mean  of the sagittal angle at t1 and t2 showed a significant difference in our 
results. However, the mean at t2 remained within normal bounds. This suggests 
that the disc, while adopting a more forward position, remained in the normal-
physiological range. The wide confidence interval showed many variations of the 
sagittal angle and comparison of means alone was not enough Analysis of disc 
displacement was given by the details of the of 126 disc position organized in 
value class. 
Thus, the results showed that 52 disks have not changed their position and sagittal 
angles remained in the starting classes. The displacement has affected 74 discs. 
Among them, 69 discs remained in the normal bounds and 5 discs showed anterior 
displacement in excess of + 30 ° or 1 o'clock and signing an anterior displacement 
for 5 joints with a difference p = 0.04. If we take into account variations due to the 
angle’s lines, this difference does not express a frank significance. This trend in 
anterior displacement of the disc after wearing an activator is found in the Ruf’s 
[35] study, justified by a condylar retrieve effect and not by disc displacement.  
We found 11 disks with posterior position and sagittal angles ranging from - 30 ° 
to -14 ° but within the normal values. This disc position was noted by Pancherz 
[23] who followed the disc position by MRI in children carrying a Herbiest 
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appliance. He explained that the disc returned to its original position (before 
treatment) after fixed therapeutic. 
Watted [30] found by MRI a mean sagittal angle of - 18.8 °. He concluded that 
there was not pathological disc displacement after orthopedic treatment in patients 
with retrognathia. 
In our study the mean of the sagittal angle increased from 2.17 at t1 to 10, 4 ° at 
t2. The disc had generally occupied a more anterior position while remaining 
within the limits of the normality. We joined the conclusions of Foucart [24] 
where the mean sagittal angle was increased from 6.7 ° before treatment to 9.3 ° 
after treatment. 
In our sample the five discs which have moved beyond the normal position 
corresponded to a proportion of 4%. This result was different from the results of 
Foucart [24] which was 20%. In addition he found that the disc obeyed to the law 
of all or nothing, or it was strongly moved or it was not. In our study we found 
different subgroups: with large, moderate and without change of disc position. 
This may be due to the individual response or the MRI protocol. 
In his investigation Franco [22] used MRI as exploration. He found no disc 
displacement after treatment by Fränkel activator. Mandibular advancement, less 
aggressive and longer over time, can explain the difference with our previous 
study that found 5 disc displacements. It also stresses that the criterion, 11 to 12 
o'clock by Shannon [20], purely visually estimated can cause misinterpretations. 
For this reason he advised an angular value for judging the disc displacement. 
However, it states that variations can exist depending on the accuracy of the 
layout of the lines that make up this angle. 
Wadhawan [31] found posterior disc displacement after activator treatment and 
the disc was returned to a more normal position after the fixed therapeutic.         
Kinzinger [36] following patients treated with fixed propulsive appliance 
concludes that no movement was observed after mandibular advancement and that 
any disc displacement before treatment could be corrected after bite jumping.  
Aidar [34], while concluding the safety of treatment by Herbst appliance, added 
that at the end of the orthodontic phase, changes were observed in the disc shape 
and position and could expose some patients in the future to joint problems. These 
findings were similar to those of our study where we found five displaced discs. 
He emphasized that there was relationship between occlusion and joint disorders. 
According to him, an increased overjet could be the cause of a disc displacement. 
These conclusions were close to the results of our correlations. They have shown 
a link between disc position with overjet and overbite. As described by Patti [37], 
increased overbite maintains the mandible and the condyles in a retrieve position 
and may cause the anterior displacement of the articular disc. 
Chavan [38] explored TMJ patients treated by Bionator and Twin Block and 
found to retrieve the disc position on MRI images with a more anterior position of 
the condyle after 6 months. The duration of treatment in our study is double. 
We found a correlation between sex and sagittal angle. Girls were more prone to 
changes in the disc position. However, we must consider the increased number of 
girls in the sample. 
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In OM, all discs covered the condylar head, even the five displaced discs. 
It is found that by comparing our results with those of authors which included 
MRI in their protocol, the disc position was different each time. The elasticity of 
normal values probably also has been the source of various conclusions. 
The studied populations were not homogeneous, and appliances for advancing the 
mandibular were different. The MRI imager didn’t   have the same ability to 
visualize the disc. The studies used imaging at 0.5 Tesla to 1.0 Tesla and 1.5 
Tesla. Therefore, the disc visibility was not the same. 
This heterogeneity in methodology was raised by Michelotti [39] in his review of 
the literature on the relationship between orthodontic treatment and joint 
dysfunction. The multifactorial joint dysfunction and heterogeneity in 
methodology makes it difficult to identify its cause and effect, if it exists. 
5. CONCLUSION  
 The relationship between disc displacement and orthodontic treatment is still 
discussed. In our sample the analysis by MRI of the disc behavior in children 
treated with rigid activator revealed an overall disc displacement which remains 
within the limits of normality.  
However the globality does not reflect the individual variations. Indeed the 
supposed adaptability of the TMJ is not the same for all children treated with rigid 
activator; the individual angular values at the end of treatment in our study were 
ranged from -30 to + 43 °.                                                              
As a preventive measure and in order to avoid any articular dysfunction that could 
be related to mandibular advancement, the TMJ examination before, during and 
after treatment must be made carefully. The objective of reducing the over jet 
should not overshadow the TMJ condition specially the disc position. 
1. Declaration of conflicts  
No conflicts  
2. Authors’ biography 
1Nadira Benkherfallah : Lecturer in orthodontics, head of service Beni-Messous university hospital . Lecturer 
in Orthodontics Faculty of Medicine of Algiers, Dental Department since 2014. 
Head of the dentofacial orthopedics service at the Beni-Messous University Hospital, Algiers. from2016 up 
today .Graduate degree in medical science in 2013 .Assistant professor from 2003 to 2013.Specialist Diploma 
in Orthodontics ,1994.Specialized study in orthodontics from 1990 to 1994. Private practitioner from 1984 to 
90, Diploma in Dental Surgery in 1982. 
 
1 Malika Djeraf : Lecturer in orthodontics , faculty of medicine  , dentistery  department , Algiers University  
from 2014 up to day. Thesis in dentofacial orthopedics in 2014 . Assistant professor at Béni-messous 
university hospital ,Algiers from 1999 to 2014.Assistant professor from 1997 to 1999 at Tizi-Ouzou 
university.Specialized study in orthodontics from 1996 to 1999.Dentist surgeon from 1998 to 1992.Dental 
surgerydiplomain1987.1   Safia Laraba :Professor in orthodontics, faculty of medicine, department of 
dentistry , Algiers university Professor and Head of service at Beni-Messous university hospital 
from1991to 2016. Lecturer from 1980 to 91, assistant  professor in Switzerland  from 1976 to78 , 
dentist surgeon in1972. President of Algerian orthodontics society from 2011 uptoday. 
Medical Technologies Journal, Volume: 2, Issue: 1, January-March 2018, Pages:140-149. Doi : 
https://doi.org/10.26415/2572-004X-vol2iss1p140-149 
148 
 
2 Boudjema Mansouri, M.D.    Professor in Radiology at the Faculty of Medicine, Algiers, University 
Hospital of Bab El Oued, Medical Imaging and Radiology.Head of Department of the National Center for 
Medical Imaging from 1989 to 2017Head of the neuroradiology unit of CHU Mustapha, Algiers from 1983  
to 89Lecturer then professor  at the Faculty of Medicine of Algiers. 1987. Head of Clinic then doctor 
associated with the department of radiology University Hospital Center Vaudois (CHUV), Lausanne, 
Switzerland. from 1980 to 83. Radiology specialist in 1979, Medical doctor in 1976.Skills: Radiology and 
Neuroradiology, Radiation Protection , member of the Commissariat for Atomic Energy (COMENA) Algiers, 
Algeria and IAEA Vienna, Austria. Collaborator in the Telemedicine program in Algeria. 
2Lila stof , M.D. Lecturer in Radiology , Faculty of Medicine, Algiers, department of medicine ,Algiers 
university . Private practitioner from 2012 uptoday. Graduate degree in medical science in 2010 ,Specialist 
Diploma in radiology in 2002 at Bab El Oued hospital .skills :advance imaging at MRI and CT-scan. 
 
3. REFERENCES 
1. Lautrou A.The mode of action activators in treating class II: proposal for a classification of activators. 
Dentofacial Orthop Rev 1994; 28: 85-113. https://doi.org/10.1051/odf/1994002 
2. Aelbers CMF, Dermaut LR. Orthopedics in orthodontics -Part I .Fiction gold reality. A Review of J 
Orthod Dentofacial Orthop literature. Am J Orthod Dent facial Orthop.1996; 110: 513-9. 
https://doi.org/10.1016/S0889-5406(96)70058-6 
3. Ioannidou-Marathiotou J, Papadopoulos Ma. Mode of action of functional appliances. Evidence 
Clinique.Preuves. Orthod. Fr. 2005; 76: 111-126. https://doi.org/10.1051/orthodfr/200576111 
PMid:20939994 
4. Darendeliler MA. Validity of randomized clinical trials for evaluation of treatment outcomes of class 
II.Orthod.Fr 2007.78: 303-315. 
5. Pfeiffer JP.The class II malocclusion: differential diagnosis and clinical implementation of activators, 
extra oral traction and fixed appliances. Am J Orthod.1975 J; 68: 499-544. 
6. Woodside DG, Metaxas A, Altuna G. The effect of functional appliance therapy in modeling glenoid 
fossa.Am J Orthod. 1983; 83: 460-468. https://doi.org/10.1016/S0002-9416(83)90244-0 
7. Petrovic AG, Stutzmann JJ. Effects on the rat mandible of chin-cup appliance and kind of partial or 
full immobilization.Proc Finn Dent Soc 1991; 87: 85-91. PMid:2057493 
8. Ruf S, S Baltromejus, Pancherz H. Effective condylar growth and chin position in activator treatment: 
cephalomatric roentgenographyic studie.Angle Orthod. 2001; 71: 4-11. PMid:11211297 
9. Shen G, Ali Darendaliler M. Adaptive remodeling of condylar cartilage from chondrogenesis to 
osteogenesis. Rev Orthop Dento Faciale 2008; 42: 89-104. https://doi.org/10.1051/odf:20084210089 
10. Rabie A, M Tsai, Hägg U, Du Xi, Chou BW. The Correlation of Replicating Cells and Osteogenesis 
in the condyle During Stepwise Advancement. Angle Orthod 2003; 73: 457-465. PMid:12940568 
11. Buthiau D, J. Dichamp, Goudot P. MRI of the temporomandibular joint. (96p) Vigot ed.Paris 1994. 
12. Foucart JM, Pharaboz C, Goasdoué P, Pajoni D. Atlas of anatomy in maxillofacial imaging: scanner 
and MRI.Encycl.Med.Chr, 1996 22-010-of-50. 
13. Felizardo R, Bidange G, B and Boyer al. Encycl.Med.Chir magnetic resonance imaging, 2006, 22-
010-D-40 
14. Emshoff R, Rudisch A, K and Innerhofer al. Magnetic Resonance Imaging Findings of 
temporomandibular joint internal derangement in without a clinical diagnosis of temporomandibular 
disorder. Journal of Oral Rehabilitation 2002; 29: 516-522. https://doi.org/10.1046/j.1365-
2842.2002.00883.x PMid:12071918 
15. Foucart J-M, Felizardo R, Pizelle C. Indications of radiological examinations in orthodontics 
Orthod.Fr. 2012; 83: 59-72. https://doi.org/10.1051/orthodfr/2012001 PMid:22455651 
16. Mc.Namara JA. Orthodontic treatment and temporomandibular disorders . Oral surg Oral Med Oral 
Pathol. Oral Radiol Endod.1997; 83: 107-117. https://doi.org/10.1016/S1079-2104(97)90100-1 
17. Kim MR, Graber TM, Viana AM.Orthodontics and temporomandibular disorders. A meta-analysis. 
Am J Ortho Dentofacial Orthop 2002; 121: 438-446. https://doi.org/10.1067/mod.2002.121665 
18. Chabre C. Analysis of changes caused by an activator and combining with extra oral forces.Thesis 
Doct.Sci.Odontol.Paris VII.1987. 
19.Lautrou A .Effects of directional forces associated with activator. Thesis Doct.Sci.Odont Paris V 
.1993. 
20. Shannon M., Palacios E., Valvassori GE, Reed CF. MR of the normal temporomandibular joint. In: 
Magnetic resonance of the temporomandibular joint. Clinical considerations. Radiography Management. 
New York .Reed Cf Editors.1990. 
21. Drace JE, Enzmann DR. Defining the normal temporomandibular joint: closed, open partially, open 
mouth and MR imaging of asymptomatic subjects.Radiology 1990; 177: 67-71 
Medical Technologies Journal, Volume: 2, Issue: 1, January-March 2018, Pages:140-149. Doi : 
https://doi.org/10.26415/2572-004X-vol2iss1p140-149 
149 
 
https://doi.org/10.1148/radiology.177.1.2399340 
PMid:2399340 
22. Franco AA, Yamzshita HK, Lederman HM and al. Fränkel appliance therapy and the 
temporomandibular disc: A prospective magnetic resonance study. Am J Orthod Dentofacial Orthop 
2002; 121: 447-57. https://doi.org/10.1067/mod.2002.122241 PMid:12045762 
23. Pancherz H, Ruf S, Taumalske-Faubert C. Mandibular articular disc changes position during Herbst 
treatment: A prospective longitudinal MRI study. Am J Dentofacial Orthop 1999; 116: 207-214. 
https://doi.org/10.1016/S0889-5406(99)70219-2 
24. Foucart JM, Pajoni D, Carpentier P, Pharaboz C. MRI study of disc behavior in children treated by 
mandibular advancement. Orthod.Fr 1998; 69: 79-91. PMid:9643037 
25. Bourzgui F, Sebbar M, Nadour A, Hamza M. Prevalence of cranio-mandibular dysfunction during 
orthodontic treatment. Int Orthod 2010; 8: 386-398. https://doi.org/10.1016/j.ortho.2010.09.006 
PMid:21093399 
26. Wyatt WE. Preventing adverse effects on the TMJ trough orthodontic treatment. Am J Orthod 
Dentofacial Orthop.1987, 91: 493-499. 
https://doi.org/10.1016/0889-5406(87)90006-0 
27. Egermark I, Thilander B. Temporomandibular disorders with special reference to orthodontic 
treatment: an assessment from childhood to adulthood. Am J Orthod Dentofacial Orthop 1992; 101 (1): 
28-34. 
https://doi.org/10.1016/0889-5406(92)70078-O 
28. Decker A, Deffrennes D, Guillaumot G, Kohaut JC. Rôle of orthodontics in the genesis, treatment 
and prevention of craniomandibular dysfunction. Orthop Dentofacial Rev 1993; 27: 433-45 
https://doi.org/10.1051/odf/1993039 
29. Marguelles-Bonnet RE, Carpentier P, Yung JP, Defresnnes D, Pharaboz C. Clinical diagnosis 
Compared with Findings of magnetic resonance imaging in 242 patients with internal derangement of 
TMJ. J Orofacial Pain 1995; 9: 242-253. 
30. Watted N, E Witt, Kenn W. The temporomandibular joint ad the disk condyle relationship after 
functional orthopedic treatment: a magnetic resonance study.Eur of J Orthod 2001; 23: 683-693. 
https://doi.org/10.1093/ejo/23.6.683 
31. Wadhawan N, Kumar S, Kumar Kharbanda OP and al. temporomandibular joint adaptations 
following two-stage therapy: an MRI study.Orthod Craniofac Res 2008; 11: 235 -250. 
https://doi.org/10.1111/j.1601-6343.2008.00436.x PMid:18950321 
32. Silverstein R, S Dunn, Binder R.MRI assessment of the temporomandibular joint with the use of 
projective geometry Oral surg oral med oral pathol and maxillofac radiol 1994; (77) 5: 523-530 
33. Vargas Pereira MR. Quantitative Methods and Development Evaluations of a new metric analysis 
for jaw Joint structures in the magnetic resonance tomogram (master's thesis), Germany; Univ. Kiel; 
1997 
34. Aidar LA, Dominguez GC, Yamashita HK, and al. Changes in temporomandibular joint disc position 
and form Following Herbst and fixed orthodontic treatment. Angle Orthod 2010; 80: 843-852. 
https://doi.org/10.2319/093009-545.1 PMid:20578854 
35. Ruf S, Wüsten B, Pancherz H. Tempromandibular joined effects of activator treatment: a prospective 
longitudinal magnetic resonance imaging and clinical study. Angle Orthod 2002; 72: 527-540. 
PMid:12518944 
36. Kinzinger GSM, Roth A, N and Gulden and al. Effects of orthodontic treatment with fixed functional 
orthopedic appliances on the disc-condyle relationship in the temporomandibular joint: a magnetic 
resonance imaging study (PARTII). Dentomaxillofac Radiol 2006; 35: 347-356. 
https://doi.org/10.1259/dmfr/70972585 
37. Patti A. Class II and TMJ. In: Treatment of class II from prevention to surgery. Int.Quintessence; 
2010: 409-446. 
38. Chavan SJ, Bhad WA, Doshi UH. Comparison of temporomandibular joint changes in Twin Block 
and Bionator appliance therapy: a magnetic resonance imaging study. Prog Orthod. 2014 October 1; 15: 
57. 
https://doi.org/10.1186/s40510-014-0057-6 PMid:25329768 PMCid:PMC4181700 
39. Michelotti A, Iodice G. The role of orthodontics in temporomandibular disorders. Journal of Oral 
Rehabilitation 2010; 37: 411-429. https://doi.org/10.1111/j.1365-2842.2010.02087.x PMid:20406353 
 
